Abstract
Introduction

Transplantation of mononuclear fraction of bone marrow stem cells (M-BMSCs) capable of multi-lineage differentiation has been considered to restore function of acutely injured myocardium
. Some properly randomized clinical trials in post-myocardial infarction (AMI) patients showed improvement of cardiac function after infusion of M-BMSCs, whereas others failed to do so [3] [4] [5] [6] [7] [8] [9] . All these studies have been conducted in patients with well-preserved left ventricular function (ejection fraction ranging from 40% to 50%). It has been argued that these patients need little more than evidence-based pharmacological therapy, whereas patients with more severely reduced left ventricular function and/or chronic heart failure (HF) should benefit more from M-BMSCs transplantation. [10] .
Data on stem cells in HF are scanty. A progressive decline of circulating endothelial progenitors cells (EPCs) with increasing severity of HF has been reported
However, in addition to EPCs, bone marrow haematopoietic (HSCs), mesenchymal (MSCs) and the so-called tissue-committed stem cells (TCSCs) may have the potential to be recruited into the blood stream and to differentiate in endothelial, cardiac and skeletal muscle cells, thus facilitating regeneration of new myocardium. Data on the overall recruitment of these cells in HF patients are not available, and yet they are crucial to understand the mechanism of cardiovascular repair. The aim of this study was to analyse the spontaneous increase of the blood levels of all these classes of BMSCs in 23 healthy individuals and in 97 patients affected by different degrees of HF. Possible candidate cytokines associated with this process were evaluated by measuring both the CXCR4-SDF-1␣ and PDGF-BB-PDGFR axes. The role of TNF-␣ and of other specific pro-angiogenetic cytokines [bFGF, vascular endothelial growth factor (VEGF)
and HGF] was also determined. Fig. 3D and E) . Figure 4 shows the behaviour of the EPC fractions. Mean values in patients were significantly increased versus controls. The behaviour of TCSCs is reported in Figure 5 . Interestingly, the CD45
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ϩ cells, which are committed to myocytes and endothelium, show a significant trend to increase with the severity of HF (P Ͻ 0.0001), similarly to the MSCs (Fig. 5B) . Conversely, the CD45 (Fig. 5A) Figure 6 shows the plasma behaviours of all the measured cytokines. PDGF-BB, TNF-␣ and SDF-1␣ (Fig. 6A, E and F) show a significant progressive increase with the deterioration of HF (P Ͻ 0.0001, P ϭ 0.0004 and P Ͻ 0.0001, respectively). HGF and bFGF ( Fig. 6B and C) are also significantly raised but do not show a progressive increase. VEGF is significantly elevated in NYHA I, but not in the more advanced ones (Fig. 6D ). 
Correlations
Table 2 Stem cells classes and antibody combination used to identify different circulating subsets
Stem cells class Phenotype
Mesenchymal stem cells [20] . At present there is no accepted definition for MSCs, apart that they are non haematopoietic stem cells [21] . Therefore, MSCs are negative for markers of the haematopoietic lineage (CD34 and CD45), whereas positive for CD90 and CD105, which are important determinants for mesenchymal phenotype [22] . We [23] ; moreover, evidence is accumulating on the importance of this axis in promoting myocardial repair after acute injury [24] [25] [26] . [27] , whereas its involvement in cardiac pathology is emerging [28] . [21] . Reports in animals have shown that BMSCs home to the heart and promote regeneration of the infracted myocardium in different species, possibly involving a paracrine effect [29] . However, Table 3 Correlation between cytokines and stem cell subsets
Fig. 1 Gating strategy. Orange box: MSC and HSPC enumeration. Pulse width versus FSC (A), FSC versus SSC (B), and CD45/CD34 (C) dot plots were utilized to exclude cell doublets, platelets, erythrocytes, dead cells, debris and neutrophilis, restricting the analysis to the lympho-monocyte fraction. On the basis of the level of expression of CD45 and CD34, we recognized, within the gated blood cells, a CD45
SSC low cells and EPC/EC, cells were first gated on pulse width versus FSC (E) and FSC versus SSC (F) dot plots. CD34 versus SSC dot plots were exploited to establish the gate identifying the CD34 ϩ fraction characterized by low SSC (G). CD34 versus FL2-CD144 dot plots were utilized to recognize circulating CD144 ϩ EPC/EC and to distinguish, within this class, the subpopulation of cells co-expressing CD144 and CD34 (H). White box: CXCR4
Another axis we have investigated is the PDGF-BB/PDGFR one. Its role in MSC recruitment is well established
Fig. 6 Cytokines plasmatic level in HF patients. Histograms represent plasma concentration of PDGF-BB (A), HGF (B), bFGF (C), VEGF (D), TNF-␣ (E) and SDF-1␣ (F) in healthy individuals
